Acceptability of tick control interventions to prevent Lyme disease in Switzerland and Canada: a mixed-method study by Cécile Aenishaenslin et al.
RESEARCH ARTICLE Open Access
Acceptability of tick control interventions
to prevent Lyme disease in Switzerland and
Canada: a mixed-method study
Cécile Aenishaenslin1,6*, Pascal Michel1,2, André Ravel6, Lise Gern3, Jean-Philippe Waaub5, François Milord4
and Denise Bélanger1,6
Abstract
Background: Lyme disease control strategies may include tick control interventions in high risk areas. Public
authorities may be interested to assess how these types of interventions are perceived by the public which may
then impact their acceptability. The aims of this paper are to compare socio-cognitive factors associated with high
acceptability of tick control interventions and to describe perceived issues that may explain their low acceptability
in populations living in two different regions, one being an endemic region for LD since the last 30 years, the
Neuchâtel canton, in Switzerland, and another where the disease is emerging, the Montérégie region, in Canada.
Methods: A mixed methods’ design was chosen. Quantitative data were collected using web-surveys conducted in
both regions (n = 814). Multivariable logistic regressions were used to compare socio-cognitive factors associated
with high acceptability of selected interventions. Qualitative data were collected using focus group’s discussions to
describe perceived issues relative to these interventions.
Results: Levels of acceptability in the studied populations were the lowest for the use of acaricides and landscaping
and were under 50 % in both regions for six out of eight interventions, but were higher overall in Montérégie. High
perceived efficacy of the intervention was strongly associated with high acceptability of tick control interventions. A high
perceived risk about LD was also associated with a high acceptability of intervention under some models. High level of
knowledge about LD was negatively associated with high acceptability of the use of acaricides in Neuchâtel. Perceived
issues explaining low acceptability included environmental impacts, high costs to the public system, danger of individual
disempowerment and perceptions that tick control interventions were disproportionate options for the level of LD risk.
Conclusion: This study suggests that the perceived efficacy and LD risk perception may be key factors to
target to increase the acceptability of tick control interventions. Community-level issues seem to be important
considerations driving low acceptability of public health interventions. Results of this study highlight the importance
for decision-makers to account for socio-cognitive factors and perceived issues that may affect the acceptability of
public health interventions in order to maximize the efficacy of actions to prevent and control LD.
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Background
Lyme disease (LD) is the most frequently reported
vector-borne disease in the temperate countries. Caused
by the bacteria Borrelia burgdorferi and transmitted to
humans by a tick bite, the incidence of this multisyste-
mic disease is increasing in several regions around the
world [1–3]. In the absence of a vaccine, preventive
strategies adopted by affected countries mostly target
the promotion of individual preventive behaviors against
tick bites such as wearing protective clothing, applying
tick repellent on skin and clothing, checking for and re-
moving ticks after visiting wooded areas, and avoiding
tick habitats during high-risk periods [4]. Several studies
demonstrated that these behaviors were effective to pro-
tect oneself against LD [4–10]. Nevertheless, few studies
also underlined that even in regions where LD incidence
is high and where the population had a good level of
knowledge about the disease, the proportion of people
that effectively adopted these behaviors could be quite
low, and that these different behaviors were not adopted
with the same success by the individuals [11–16]. Tick
control interventions have been studied as well as
complementary strategies to prevent LD (reviewed in
Piesman and Eisen [4]). Studies have shown that these
interventions could effectively decrease the vector density
in risk areas for LD. These strategies include direct actions
on tick populations such as the use of acaricides [17],
landscaping [18–20] or biological control of ticks [21],
and actions that target wild animal species, which are the
main hosts of the vector or the reservoirs of the agent,
such as the reduction of deer density [22], the treatment
of deer against ticks [23–25], the treatment of small ro-
dents against ticks [26–30] and the vaccination of rodents
against Borrelia sp. [31–34]. But such interventions used
by public health authorities can have true or perceived im-
pacts that may affect the acceptability of these choices in
the targeted population and can cause controversy, such
as their negative consequences for the environment or
their adverse health effects [35, 36]. One example of this
kind of debate experimented in Canada was caused by the
use of larvicide in order to reduce mosquito populations
and the risk of West Nile Virus infection [37]. Regarding
LD, a previous study reported that stakeholders involved
in decision-making toward LD prevention in Canada and
Switzerland identified social acceptability as an important
decision criterion to prioritize preventive interventions
[38, 39]. In policy research, it is well known that public
opinion has an impact on policy choices (38). But despite
its recognized importance, very few published studies re-
ported empirical data on the acceptability of interventions
to prevent and control LD. Gould and colleagues [40]
measured the acceptability of three environmental inter-
ventions against LD in three districts in Connecticut,
United States, during two different periods. Their study
suggested that the level of acceptability changes according
to the intervention, the region of residency and through
time. Populations living in districts with the higher LD
incidence showed higher levels of acceptability of tick con-
trol interventions, but no formal statistical tests were ap-
plied to confirm this relationship [40]. To our knowledge,
no published study explored factors that may be associ-
ated with acceptability of these interventions, nor what
could explain low acceptability of some interventions in
different populations. A better understanding of these
factors would be an important addition to the current
knowledge on the efficacy of these interventions and
would be of great use to enhance informed decision-
making by public health authorities.
The aims of this paper are 1) to measure and compare
levels of acceptability of tick control interventions, as
well as their associated socio-cognitive factors, and 2) to
describe perceived issues that may explain their low ac-
ceptability in populations living in two different regions,
one being an endemic region for LD since the last
30 years, the Neuchâtel canton, in Switzerland, and an-
other where the disease is emerging, the Montérégie re-
gion, in Québec, Canada [3]. The choice of these two
contrasting regions in terms of their epidemiological
situation toward LD gives the opportunity to explore
more specifically the influence of the epidemiological
situation, and of some socio-cognitive factors related to
different contexts on acceptability, that are the level of
knowledge on LD in the population and the level of risk
perception. Aenishaenslin and colleagues have shown
that levels of knowledge and risk perception about LD
were higher in Neuchâtel than in Montérégie [41]. In
this context, we hypothesized that tick control interven-
tions are more acceptable in regions with higher risk of
LD (here in Neuchâtel), than in regions with lower risk
(Montérégie). For this study, we defined the notion of
acceptability as a self-reported positive attitude of indi-
viduals toward a hypothetical intervention, given that
none of the tick control interventions evaluated in this
study had been implemented in both regions before
data collection.
Methods
A mixed methods’ design was undertaken for this
comparative study. In both study regions, quantitative
data were collected to measure levels of acceptability
for different interventions as well as their potential
associated factors, and qualitative data were collected
concurrently to identify and describe perceived issues
that may explain the low acceptability of the least accepted
interventions. Results of both qualitative and quantitative
analysis were interpreted together as complementary ap-
proaches to answer the study objectives. Informed written
consent was obtained from all participants. This procedure
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and the study protocol were reviewed by the ethical com-
mittee for health research of the University of Montreal
(Comité d’éthique de la recherche en santé, CERES)
(certificate number 12-050-CERES-D), and the ethical
certificate was approved by the Université de Neuchâtel.
Quantitative data
Data collection
Quantitative data were collected using cross-sectional
web-surveys conducted simultaneously in fall 2012 in
both study regions, the Montérégie region (n = 401) and
the Neuchâtel region (n = 413), as part of a larger study
[11, 41]. Respondents were selected randomly in repre-
sentative web panels managed in each country by Léger
and Marketing survey firm [42]. The complete question-
naire was administered in French and included 58 ques-
tions (available in [11]). Sixteen were specifically designed
to measure levels of acceptability and levels of perceived
efficacy of eight tick control interventions for LD in
both studied populations, namely: using biologic control
methods to reduce tick density, for example, the introduc-
tion of mushrooms capable of killing ticks (biological
control), applying acaricides on public areas (acaricides),
removing vegetation in public wooden areas (landscaping),
protecting deer against ticks (deer protection), protecting
rodents against ticks (rodent protection), vaccinating ro-
dents against LD (rodent vaccination), controlling the
number of deer (deer reduction) and excluding deer from
public areas by fencing (fencing). Five-points Likert’s scales
were used as measurement units to assess the acceptability
levels: “How acceptable do you think this intervention is to
control LD with respect to your values? (5) strongly accept-
able, (4) somewhat acceptable, (3) neither acceptable or
unacceptable, (2) somewhat unacceptable, (1) strongly
unacceptable; as well as the levels of perceived effi-
cacy: “Do you agree that this intervention is effective
to reduce the risk of LD?”: (5) strongly agree, (4)
somewhat agree, (3) neither agree nor disagree, (2)
somewhat disagree, (1) strongly disagree.” Additional
data collected and used in this study included: gender,
age, education level, level of knowledge on LD, and
the level of risk perception for LD. Details on the survey
design and on data collection strategies are described in
more detail in Aenishaenslin et al. [41].
Data analysis
Descriptive and multivariable statistical analyses were
conducted. For the descriptive analyses, we calculated
the proportions of respondents with high acceptability
(individual scores of 4 or 5 on the Likert’s scale) for each
of the eight interventions by region. Confidence intervals
for proportions (confidence level of 95 %) were calcu-
lated using Agresti-Coull method with R software [43].
Pearson Chi-square statistics were calculated to assess
significant differences (p < 0.05) between regions. This
was done to evaluate the levels of acceptability for each
intervention in both populations.
For the multivariable analysis, eight multivariable lo-
gistic regression models were built: one per region for
each of these four interventions: landscaping, acaricide,
rodent vaccination and fencing. These four interventions
were selected for multivariable analyses because they
were the interventions with the lowest levels of accept-
ability in both populations according to the descriptive
analyses. This was done to study the relationships of
three specific socio-cognitive factors: knowledge, risk
perception, and perceived efficacy, on high acceptability
of these interventions at the individual level. Dependent
variables were the acceptability of the interventions (low
vs high), dichotomized as ‘low’ acceptability (individual
scores of 1 to 3), and ‘high’ acceptability (individual
scores of 4 or 5). Independent variables were 1) the glo-
bal LD knowledge level, 2) the global risk perception
score, and 3) the perceived efficacy of the specific con-
trol interventions. The global LD knowledge level was
dichotomized in low if 0 to 2 good answers, and high if
3 or 4 good answers, based on four LD knowledge related
questions about the transmission mode, early symptoms,
treatment, and risk zones [41]. The global risk perception
score was the calculated mean score of four observed
perception variables about the disease (perceived se-
verity, perceived individual susceptibility, perceived re-
gional susceptibility and feelings of worry, as described in
Aenishaenslin et al. [41]) and was considered as a continu-
ous variable in the multivariable analyses. The perceived
efficacy of the specific control interventions was also
dichotomized in low (scores 1 to 3) and high (scores
4 and 5) in the models. Gender, age and education
level were considered as potential confounders and forced
in all models. Only statistically significant associations are
shown for these variables. Participants with missing values
(“prefer not to answer”) for one of the included variables
were excluded from the models (Montérégie: n = 8;
Neuchâtel, n = 6). Multivariable analyses were performed
using IBM SPSS Statistics 19.
Qualitative data
Data collection
Qualitative data were collected during five focus group
discussions (FGD) conducted between August and
October 2012 (previously to the websurveys) in Neuchâtel
city and La-Chaux-de Fond (Neuchâtel canton, Switzerland)
and in Saint-Hyacinthe and Longueuil (Montérégie re-
gion, Québec, Canada). In each region, residents who
were more than 18 years old were invited to partici-
pate. Recruitment of this convenience sample was done
locally through posters displayed in grocery stores, train
stations, universities, public parks and health centers.
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Advertisements were also posted on outdoor group web-
sites and sent to their members via e-mail. Specific ques-
tions addressed were: “Since when did you know LD?
What worries you about this disease? What do you think
about these interventions to prevent LD? Are they accept-
able according to you and why?”. Four environmental in-
terventions were specifically addressed during FGD, based
on their anticipated low level of acceptability in the tar-
geted populations: landscaping, acaricides, rodent vaccin-
ation and fencing. Basic information on the interventions
was given by the moderator, and participants were wel-
come to ask complementary questions if needed to allow
a common understanding of the interventions. All partici-
pants also completed the questionnaire used in the web-
surveys prior to the discussions. The data collected with
these questionnaires were used to compute the descriptive
characteristics of participants per region. FGD were
conducted in French and lasted one and a half hour.
They were recorded and then transcribed entirely.
Data analysis
A thematic analysis was performed by the principal re-
searcher (Aenishaenslin C) with the objective to identify
and describe the perceived issues that may contribute to
the low acceptability of the four selected interventions
[44, 45]. Thematic analysis can be divided in six phases:
familiarisation with the data, generating initial codes,
searching for themes, reviewing themes, defining and
naming themes and producing the report [44]. Records
and transcripts were first used during the familiarisation
phase of analysis. Then, transcripts were analysed to
create initial codes representing categories of issues
expressed by participants in an iterative process, using
QRS NVivo version 10. Codes were then grouped into
themes representing the perceived issues related to the
acceptability of interventions. Themes were named and
reviewed using original transcripts. Extract examples
were finally selected in each region, based on their rep-
resentability of the issue in question. Perceived issues
relative to low acceptability were analysed globally rather
than for each intervention in order to draw general obser-
vations. Details relative to the interviewer and to qualitative
data collection, analyse and reporting are presented in
the supplementary material, using the consolidated criteria
for reporting qualitative studies (COREQ) [46].
Results
The proportions of respondents with high level of ac-
ceptability were significantly higher in Montérégie for
all interventions (Fig. 1). The least accepted interven-
tion was landscaping in both regions with 16 % (66/
401, 95 % CI = 13–20) in Montérégie and 10 % (41/
413, 95 % CI = 7–13) in Neuchâtel (Pearson Chi-
square = 7.60, p = 0.006). Following by increasing order
of acceptability and respectively in Montérégie and
Neuchâtel: acaricides with 29 % (116/401, 95 % CI =
25–34) and 12 % (51/413, 95 % CI = 9–16) (Pearson
Chi-square = 34.29, p < 0.001), rodent vaccination with
33 % (131/401, 95 % CI = 28–37) and 26 % (108/401,
95 % CI = 22–31) (Pearson Chi-square = 4.17, p = 0.04),
fencing with 37 % (150/401, 95 % CI = 33–42) and 14 %
(56/413, 95 % CI = 11–17) (Pearson Chi-square = 61.21,
p <0.001), deer reduction with 47 % (187/401, 95 %
CI = 42–52) and 31 % (126/413, 95 % CI = 26–35)
(Pearson Chi-square = 22.35, p <0.001), rodents protec-
tion with 51 % (204/401, 95 % CI = 46–56) and 42 %
(172/413, 95 % CI = 37–46) (Pearson Chi-square = 6.97,
p = 0.008), deer protection with 66 % (266/401, 95 %
CI = 62–71) and 51 % (211/413, 95 % CI = 46–56)
(Pearson Chi-square = 19.49, p <0.001), and biological
control with 86 % (345/401, 95 % CI = 82–89) and 76 %
(315/413, 95 % CI = 72–80) (Pearson Chi-square = 12.64,
p <0.001).
In the multivariable analyses, socio-cognitive factors
that were statistically associated with high acceptability
of landscaping, acaricides, rodent vaccination and fen-
cing varied in both regions (Table 1). High perceived effi-
cacy of the intervention was strongly associated with
high acceptability of all interventions in all models. Risk
perception was positively associated with high accept-
ability of landscaping in both regions, and it was posi-
tively associated with high acceptability of acaricides and
fencing in Montérégie. High level of knowledge about
LD was negatively associated with high acceptability of
acaricides in Neuchâtel. Being between 18 and 34 years
old was negatively associated with high acceptability of
acaricides in Montérégie, in comparison to those who
were more than 55 years old. Having a university degree
was negatively associated with high acceptability of
landscaping in Neuchâtel. When considering confidence
intervals of OR (confidence level: 95 %), there was no
difference regarding the strength of association between
knowledge, risk perception and perceived efficacy and high
acceptability of interventions between regional models.
Thirty-four participants were recruited for the five FGD
(specific locations, number of participants and participant
characteristics are presented in Table 2). Women repre-
sented 71 % of the participants (24/34), and age groups
from 18–24 years old to 75+ years old were represented
by at least one participant. Most participants had a high
level of knowledge about LD (58 % in Montérégie
and 86 % in Neuchâtel). In Neuchâtel, 27 % (7/22) of
participants had a high risk perception score, compared to
50 % (6/12) in Montérégie.
Through qualitative analysis, we identified eight com-
mon themes representing the perceived issues that may
explain the low acceptability of the four selected inter-
ventions in the FGD performed in both regions. The
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recurrence of these themes into all focus groups sug-
gests that a good level of data saturation was achieved.
The first and commonly reported in both regions was
the perception that the intervention would be dispro-
portionate to manage the level of risk due to LD. Even
with a good knowledge of LD and being aware that the
risk of contracting the disease was present in their
region, participants frequently mentioned that LD risk
was not high enough for the population to justify the
use of tick control interventions, as reported by a
Montérégie participant: ‘In the current situation, I do
not feel it would be important to have such an impact, but
in case it becomes a major public health problem, I would
consider [rodent vaccination]’. In relation to this per-
ception of disproportion, the fear of unknown conse-
quences following the use of interventions to reduce
the tick density was frequently mentioned, as illus-
trated by this Neuchâtel participant, while discussing
about rodent vaccination: ‘There is chemistry in this
intervention. Maybe we eradicate an evil, but we re-
create another’. More specifically, participants of both
regions mentioned the fear of negative environmental
impacts. This issue was both reported as a rational
argument based on the potential impact on biodiver-
sity or natural habitat: ‘[…] If we speak of destroying
animal habitat in protected areas, it seems to me rather
questionable … it depends upon the impact on other spe-
cies.’ (Montérégie participant about landscaping). This
fear was also expressed as a conflict with more gen-
eral personal values regarding both animal well-being
and protection of natural environments. This dimen-
sion was often mentioned in both regions, but more
clearly defined in Neuchâtel: ‘I do not see why we should
change the nature because of a little bug’ (Neuchâtel
participant about landscaping). Another perception fre-
quently mentioned was the economic impacts of imple-
menting the interventions. Participants of both regions
shared concerns about the high public costs of interven-
tions, as stated by this Neuchâtel participant: ‘[…] To take
rodents and vaccinate them… we can spend public money
otherwise’.
Implementing these tick control interventions to
prevent LD was also perceived as a threat to individual
empowerment. It was perceived that if public health
authorities made the choice of using such interventions,
individuals would be tempted to distance themselves from
their responsibility to adopt preventive behaviors: ‘To
want to protect humans by destroying nature when they do
nothing to protect themselves, to me, it is unacceptable
’(expressed by a Montérégie participant). Doubts about
the feasibility of the interventions were also reported,
regarding all presented interventions. Even after explana-
tions from the FGD moderator about the feasibility of the
interventions, participants had sometimes difficulties to
believe that it was feasible, as stated by this Montérégie
participant: ‘I find it peculiar a little. How to prevent deer
from going to places? […] Can you really control it? I don’t
think that you can control the movement of deer.’ Finally,
some interventions, such as landscaping, were perceived
as acceptable only if implemented at a smaller scale:‘It is
also different concepts if it is to destroy half a forest to re-
duce the tick population [or] if it is to expand certain paths
by removing a portion of the low vegetation […]. That is
acceptable because it has less impact on the ecosystem.’
(Neuchâtel participant about landscaping).
We did not identify major differences through qualita-
tive analysis in categories of issues explaining low ac-
ceptability of these tick control interventions between
Neuchâtel and Montégérie participants. One observed
difference was that Neuchâtel participants more fre-
quently stated that public authorities should prioritize
actions aiming to raise the population awareness on LD
and promote individual preventive behaviors instead of
considering the use of tick control interventions to
reduce LD risk: ‘I would go further. [Fencing] is indefensible.
It is not always to the man to adapt the landscape to
what he wants […] It is also up to us to learn to live
with our environment.’ (Neuchâtel participant). Moreover,
Fig. 1 Levels of acceptability of tick control interventions in Neuchâtel and Montérégie. This figure shows the proportions of respondents with
high acceptability (scores of 4 or 5) for eight tick control interventions against LD in Neuchâtel (n = 413) and Montérégie (n = 401)
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the perception that individuals can and should protect
themselves was stronger among participants of this region
when compared to Montérégie, where participants more
frequently asked questions on how to prevent Lyme disease
in general. Nevertheless, it was perceived that access
to information about LD was lacking in both regions.
Discussion
This study showed that the levels of acceptability of tick
control interventions to prevent LD was low in Neuchâtel
and Montérégie, with only two interventions out of eight
(deer protection and biological control) reaching at
least 50 % of the studied populations in both regions.
These results contrast with those reported by Gould
and colleagues in Connecticut (USA) [40]. In this study,
levels of acceptability for deer control, deer protection, and
acaricides were measured at two periods in 1999 and in
2004. All three interventions reached levels of acceptability
of more than 50 % of the population for the two periods
and in all three studied districts [40]. One partial explan-
ation for this difference can be that the incidence of LD in
the studied districts ranged from 240 to 411 cases per
100,000 people at the time of the study, which is consider-
ably higher than our two study regions [40]. Considering
our results, the fact that respondents from Montérégie
region in Canada had low levels of acceptability can be
understood when considering that LD incidence in this
region is still very low (estimated at 0.5 case per 100,000
inhabitants in Montérégie in 2012) [47]. The population
may not perceive the need for these kinds of interventions.
This explanation is corroborated by the qualitative
analysis, underlining that one major issue related to
low acceptability was the perception that tick control
interventions are disproportionate options for the level of
LD risk to which the population is exposed.
Surprisingly, the fact that levels of acceptability of all
interventions were even lower in Neuchâtel canton was
unexpected, given our initial hypothesis which stated
that populations living in regions with higher incidence
of LD would be more receptive to tick control interven-
tions. Neuchâtel canton has an incidence estimated to
be between 49 to 95 cases per 100,000 inhabitants per
year (data from 1996 and 2001) [48, 49] which is still
lower than the three Connecticut districts studied in
Gould et al. [40], but much higher than in Montérégie,
and comparable to some endemic regions of the East
coast of the United States. Even if we cannot consider
that FGD participants are representative of the surveyed
population, results of the qualitative analysis provided
information that may help to explain these findings:
Neuchâtel participants seemed to put a high value on
the environment and its conservation, and shared the
perception that the risk of LD does not justify the use of
interventions that can affect the environment. This is
coherent with a recent study by Aenishaenslin and
colleagues [39] which reported that Swiss stakeholders
involved in decision-making for implementing LD pre-
ventive strategies did not want to include as hypothetical
Table 1 Factors associated with high acceptability (scores of
4 or 5) of landscaping, acaricide, rodent vaccination and fencing
(Logistic regressions)
Factors associated with high acceptability of landscaping
Montérégie (n = 393) Neuchâtel (n = 407)
OR 95 % CI OR 95 % CI
Age 18–34 years 0.32 (0.09–1.10) 0.51 (0.13–1.98)
35–54 years 0.77 (0.39–1.54) 2.70 (0.93–7.88)
55+ yr R 1 na 1 na
Education (University) 0.83 (0.39–1.76) 0.36 (0.15–0.88)*
Knowledge of LD 1.02 (0.42–2.48) 0.72 (0.31–1.67)
Risk perception 1.64 (1.05–2.57)* 2.88 (1.45–5.74)**
Perceived efficacy 16.31 (8.50–31.28)*** 37.48 (13.95–100.71)***
Factors associated with high acceptability of the use of acaricides
Montérégie (n = 393) Neuchâtel (n = 407)
OR 95 % CI OR 95 % CI
Age 18–34 years 0.16 (0.05–0.49)*** 0.47 (0.18–1.23)
35–54 years 0.98 (0.54–1.80) 0.85 (0.37–1.95)
55+ yr R 1 na 1 na
Knowledge of LD 0.47 (0.20–1.07) 0.33 (0.16–0.69)**
Risk perception 1.60 (1.08–2.36)* 1.48 (0.88–2.50)
Perceived efficacy 20.89 (11.41–38.22)*** 12.28 (6.03–24.99)***
Factors associated with high acceptability of rodent vaccination
Montérégie (n = 393) Neuchâtel (n = 407)
OR 95 % CI OR 95 % CI
Education (University) 2.01 (1.11–3.66)* 0.69 (0.39–1.20)
Knowledge of LD 0.67 (0.32–1.42) 1.05 (0.61–1.81)
Risk perception 1.34 (0.92–1.96) 1.35 (0.91–2.00)
Perceived efficacy 21.37 (12.15–37.58)*** 17.37 (9.69–31.15)***
Factors associated with high acceptability of fencing to restrict deer from
public areas
Montérégie (n = 393) Neuchâtel (n = 407)
OR 95 % CI OR 95 % CI
Age 18–34 years 0.65 (0.27–1.57) 1.48 (0.53–4.16)
35–54 years 0.56 (0.31–1.03) 2.60 (1.04–6.48)*
55+ yr R 1 na 1 Na
Knowledge of LD 0.64 (0.29–1.43) 0.93 (0.48–1.79)
Risk perception 1.65 (1.13–2.41)** 1.07 (0.68–1.68)
Perceived efficacy 22,82 (12.83–40.59)*** 10,17 (5.27–19.63)***
*p <0.05. **p < 0.01. ***p < 0.001
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interventions in a decision-model some tick control inter-
ventions such as application of acaricides or landscaping
at large scales, because their potential impact on the envir-
onment was against their population’s values.
Results from multivariable analyses showed that high
perceived efficacy was strongly associated with high ac-
ceptability of interventions, and that risk perception was
also a factor associated with it in several logistic models.
These two socio-cognitive factors were associated with
the adoption of individual preventive behaviors toward
LD in a recent study which analyzed the same sampled
populations [11], and they are known predictors of health
behaviors in a number of theoretical models, including the
Health Belief Model [50]. On the other hand, the negative
relationship between high level of knowledge on LD and
high acceptability of acaricides was unexpected. The rela-
tionship was also negative in Montérégie and in other in-
tervention’s models, but not statistically significant. A high
level of knowledge was positively associated with higher
levels of adoption of preventive behaviors against LD as
performing tick checks, wearing protective clothing and
putting tick repellent in another study [11]. Again, results
of the qualitative analysis can help to understand this ob-
servation. In both regions, participants of the FGD had a
higher level of knowledge than their respective population,
as measured by Aenishaenslin in a previous study [41]: in
Montérégie, 58 % of the FGD participants had a good level
of knowledge against only 15 % in the survey, and in
Neuchâtel, 86 % of the FGD participants, compared to 51
% in the survey. This difference may be due to the recruit-
ment process: FGD participants were recruited voluntarily
by responding to a public invitation, so it is normal that this
method selected individuals who were interested by the
subject and who knew more about it than the population
mean. Nevertheless, two important themes were omnipres-
ent during discussions in Neuchâtel: 1) participants felt that
individuals can protect themselves from LD by adopting
preventive behaviors and should be responsible of their
own protection, and then 2) they felt that LD risk was not
high enough to use interventions with potential conse-
quences on the environment. Indeed, our results suggest
that a good level of knowledge may increase the perception
of self-control on LD prevention, rather than increasing the
acceptability of tick control interventions.
We found no statistical difference in the strength of
association between high perceived efficacy of the inter-
vention, risk perception, high level of knowledge on LD
and high acceptability between both regions. This result
is interesting given that the studied population contexts
differed on several aspects, including their LD epidemio-
logical situation, their history with the disease and their
socio-cultural context. We could not find other pub-
lished studies that measured such an association over
the past. Further research conducted in other countries
or regions where LD is present would be needed to
support these findings.
The eight perceived issues identified to explain low
acceptability of selected interventions have interesting
similarities with the decision criteria identified by stake-
holders involved in LD prevention and control in two
previous studies conducted in Québec, Canada [38] and
in Switzerland [39]. These studies respectively aimed at
developing a multi-criteria decision model for LD pre-
vention in Québec, and to adapt this model to the Swiss
context, using a participatory approach with local stake-
holders. These stakeholders participated in the elabor-
ation of a list of important criteria to consider in order
to prioritize LD preventive and control interventions, as
Table 2 Distribution of participants by region for the five FGD
Region Focus groups (number of participants) Descriptive characteristics of participants by region
Neuchâtel Focus group 1 (7) 22/22 (100 %) were aware of LD for more than one year
Focus group 2 (9) 7/22 (27 %) had a high risk perception (global risk perception score ≥4)
Focus group 3 (6) 19/22 (86 %) had a high level of knowledge on LD
Total = 22 3/22 (14 %) declared that they had LD in the past
17/22 (77 %) declared that they knew someone who has ever had LD
16/22 (73 %) were women
Age of participants was distributed between 18 and more than 75 years old.
Montérégie Focus group 4 (6) 10/12 (83 %) were aware of LD for more than one year
Focus group 5 (6) 6/12 (50 %) had a high risk perception (global risk perception score ≥4)
Total = 12 7/12 (58 %) had a high level of knowledge on LD
0/12 (0 %) declared that they had LD in the past
1/12 (8 %) declared that they knew someone who has ever had LD
8/12 (67 %) were women
Age of participants was distributed between 25 and 64 years old
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well as a list of potential interventions. Most of the
perceived issues explaining low acceptability find their
equivalent in some of the criteria included in these two
decision models. Conflict with personal values such as
animal well-being and respect of natural environment, fear
of environmental and other unknown consequences are
issues addressed in the following criteria: “impacts on
habitat”, “impacts on wildlife” and “adverse health effects”
[38]. Doubts about the feasibility of interventions are
reflected by the inclusion of operational criteria such as
the “complexity of the intervention’s implementation”
[38, 39] and the “durability of effects” [39]. Concerns
with public costs are directly addressed with the cri-
terion “cost to the public sector’ [38, 39]. Danger of
disempowerment of the population is aligned with the
criterion measuring the capacity of the intervention to
raise the level of public awareness, which was added by
Swiss stakeholders [39]. Moreover, the distinction made
by participants to the FGD regarding large vs small scales
interventions is also taken into account in the decision
models by separating some potential interventions (acari-
cide and landscaping) into small scale vs large scale inter-
ventions in order to measure their impacts if they were
implemented [38]. This observation suggests two interest-
ing trends. First, issues expressed by individuals reflect
community-level issues rather than only self-oriented con-
siderations, such as adverse health effects on oneself or its
close relatives. Second, these perceived issues are shared
by stakeholders involved in LD management in public
organisations and can be taken into account in the
decision-making process by using tools such as multi-
criteria decision analysis [38].
This study has some limitations. First, this study de-
sign was cross-sectional and cannot presume of any
causal relationships between factors associated with high
acceptability in the quantitative analyses. Moreover,
quantitative data were collected using a web panel and
the sample cannot be considered as probabilistic. Never-
theless, distributions of gender, age and level of education
of both studied samples were representative of demo-
graphic characteristics of Montérégie and Neuchâtel, as
described in further details in Aenishaenslin et al. 2014
[41]. Another point to keep in mind is that several vari-
ables were measured with an ordinal scale in the survey,
but were dichotomized for the analysis. This was done to
allow a useful interpretation of the results in the public
health context, to carry out multivariable logistic regres-
sion analyses and to maximise statistical power. But this
methodological step results in a partial loss of information
when compared to the raw survey data.
Regarding qualitative analysis, it is important to under-
line that the perceived issues identified to explain the low
acceptability represent the perceptions of two small groups
of participants, and may change over time according to
contextual factors such as modifications in LD epidemio-
logical situation or in the media attention toward this
subject. The qualitative analysis was performed to explore
perceived issues in the general public, but this approach
cannot produce results that can be directly generalised to
both regional populations. Also, FGD participants were
recruited on a voluntary basis, and fewer participants
manifested their interest to participate in Montérégie
than in Neuchâtel (12 participants in Montérégie vs 22
in Neuchâtel). This can be understood by the difference
in the levels of knowledge and risk perception between
both regions [41], but may have affected the results.
Moreover, it was noted that during the Montérégie
FGD, participants had sometimes difficulties to express
clear opinions on the acceptability of LD interventions
given that they did not know enough about the disease,
its consequences and individual preventive behaviors.
This may reflect fluidity in the opinion expressed and,
consequently, it would be worthwhile to follow-up on
this study to assess variation in opinions as well as pro-
gress in the population’s knowledge and perceptions
since 2012.
Conclusion
This study strongly suggests that the perceived efficacy
of public health interventions and LD risk perception in
populations may be factors to consider in communication
and knowledge translation efforts to increase the accept-
ability of tick control interventions when appropriate.
Public health authorities may expect a higher level of re-
luctance to accept some of these interventions in popula-
tions with a higher level of knowledge about the disease,
which may orient the consideration of different preventive
strategies. In addition, low acceptability cannot be ex-
plained only by issues that may closely affect individuals
such as immediate adverse health effects. Individuals who
participated in this study expressed multiple issues related
to LD management at the community level, such as pos-
sible impacts on environment and wildlife, high public
costs and disempowerment of the population. These con-
cerns are shared by decision-makers and can be integrated
to the decision-making process by using tools such as
multi-criteria decision analysis. Results of this study high-
light the importance for decision-makers to account for
regional socio-cognitive factors and perceived issues that
may affect the acceptability of interventions in the target
populations in order maximize the efficacy of interven-
tions to prevent and control LD. Moreover, the study
underlines the importance for decision-makers to be
explicit about the public costs, the scale at which the
intervention will be implemented, and its known im-
pacts on ecosystems, when presenting an intervention
to the target populations, as these aspects can modify
its acceptability.
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